The endocrinic/mutagenic potencies of the endocrine disrupting chemicals (EDCs) polycyclic aromatic hydrocarbons (PAHs), alkylphyenol ethoxylates (APEOs) and their metabolites are well documented. Less so is the endocrinic ecotoxicological/health risk potential of these persistent organic pollutants (POPs) in river sediments. From ,5 £ 10 8 m 3 /y of sewage produced in Israel, ,70% are reused, mainly in agriculture, following a conventional activated sludge treatment (AST).
INTRODUCTION AND BACKGROUND
The occurrence and persistence of anthropogenic pollutants in the environment showing estrogenic-endocrine modulating effects in aquatic organisms is a "hot" issue of major health-and environment-related concern worldwide (Pickering & Sumpter 2003; Sumpter & Johnson 2005; Muir & Howard 2006) . The population growth and the increasing scarcity of water in many regions of the world have led to a comprehensive reuse of treated wastewater that ultimately may cause a long-term concentration buildup of many toxic chemicals in the closed cycle of water supply and wastewater treatment and reuse (Nghiem & Schä fer 2005; Cartinella et al. 2006) . Endocrine disrupting chemicals (EDCs) refer to chemicals affecting the endocrine system. Such an effect may be at the level of receptor-mediated hormone action, binding and activating, or not activating the estrogen receptor (estrogenic or antiestrogenic, respectively), hormone synthesis or clearance. In the aquatic environment there are many well documented examples of EDCs regarding their impact on wild life (Shang et al. 2006) . doi: 10.2166/wst.2008.829 Sustainability is a key demand in our world of finite resources and endangered ecosystems. Given the environmental imperatives, the potential ecotoxicological risk of anthropogenic chemicals and the limited economic feasibility of large scale treatment and remediation technologies, the currently emerging corrective-to-preventive paradigm shift in production, development, consumption and disposal are unavoidable. Following their use and disposal -either into sewage systems or to natural receiving aquatic sinks -and/or the reuse of wastewater for agricultural irrigation, the nonbiodegradable EDCs ultimately enter into the aquatic and terrestrial compartments of the environment and persist there as such, or as their (bio-)degradation products.
Anthropogenic EDCs which, ultimately, reach surface and ground water resources via runoff and reuse or disposal of municipal wastewater (Ying et al. 2002; Berryman et al. 2004; Hohenblum et al. 2004) , are the persistent organic pollutants (POPs) alkylphenol ethoxylates (APEOs) (Naylor et al. 1998; Zoller 2004 ) and polycyclic aromatic hydrocarbons (PAHs) (Mahler et al. 2005; Nagy 2007) .
Although the extent of threat to humans being exposed to these EDCs [the latter mutagenic/carcinogenic and teratogenic too (IARC monograph 1983)] still remains to be elucidated, their nature, i.e., naturally biodegradationresistant and, therefore, environmentally persistent (Johnson et al. 2006) , turns them into a major environmental ecotoxicological issue of concern. These EDCs and their metabolites/degradation products were found to affect the endocrine system of the susceptible animals, triggering rather large biological effects even at extremely low concentrations (mg-ng/L level). The persistence of these EDCs in the aquatic environment, particularly in public water supply systems, where reclaimed water reuse for agriculture irrigation is extensively practiced, constitutes an environmental health risk problem (Pickering & Sumpter 2003; McCann 2004; Zoller et al. 2004) . APEO surfactants, especially the branched congeners nonyl-and octylphenol ethoxylates and their metabolites, are known to elicit estrogenic response, i.e., capable of mimicking or antagonizing the action of steroid hormones, in both mammals and fish (Jobling et al. 1996; Petroviv & Barcelo 2004) . They were found in tissues of mature and juvenile fish (flounder), indicating an environmental/estrogenic exposure to wastewater discharges (Lye et al. 1999) . Data on the chronic effects of actual environmental and/or sublethal concentrations of APEOs are scarce whereas related data concerning the chronic effects of particular PAHs; e.g., benzo[a]pyrene are well documented (Denissenko et al. 1996 ). Yet, establishing the synergistic effects of these two groups, per se, in the presence or absence of other EDCs is needed, particularly for the assessment of their ecotoxicological and health risk potential (Zoller 2006 
MATERIALS AND METHODS
Seasonal grab sampling of selected "representative" river waters, their sediments and groundwater wells in their vicinity was followed by reverse phase HPLC determination of the total APEOs concentration (mainly nonyl/octyl phenol ethoxylates) (Marcomini & Giger 1987) , and their homologic distribution in the samples (Kubeck & Naylor 1990 ) by reverse and normal HPLC. The homologic/isomeric profiles of the PAHs in the rivers sediments were determined by conventional HPLC, using the standard US EPA mix of 16 PAHs containing 2 -5 rings. The effect of the total concentrations of APEOs and of particular shorter ethoxylated chain APEO metabolite(s) on zebrafish reproduction, (the zebrafish egg production test -ZFEPT) was determined as previously described ). Using the zebrafish egg production test (ZFEPT) , the ecotoxicological effect of the nonylyphenolbased APEOs having, mainly, three ethoxylate units (NP 3 ), the results -in terms of the reduction in egg production as a function of the actually found environmental concentrations that the zebrafish were exposed to -revealed the same pattern ( Figure 2) as was found, previously, with the reference EDC nonylphenol (Zoller 2006) . Tables 2 and 3 . In these two representative river streams, the total concentrations of PAHs and APEOs in the upper three layers (0-50 cm) of their sediments, were found to be 1. 02-1.59, 1.78-2.30, l1.48-3.12 and 31.27-376.23, 2.40-91.70, 62.99-63 .63 mg/L, respectively. Relevant preliminary findings in another two rivers (Sorek and Naaman, see 
RESULTS AND DISCUSSION

CONCLUSION
The total concentration and isomeric (rings number) distribution of PAHs in the upper layers (0-50 cm) of river sediments studied is within the range of 0.312 -3.121 mg/g; it is site-specific as far as point and/or diffuse sources are concerned, typically with the 2-ring naphthalene having the highest concentration, followed, in decreasing order, by those PHAs with a larger number of aromatic rings in an increasing order of rings number.
The thus far available data are not sufficient to draw conclusions concerning possible correlations between the concentration, or the homologic distribution profiles of the PAHs and APEOs in river sediments and/or water.
In view of our (a) preliminary results of the ZFEPT, using actually found environmental concentrations of APEOs in the river waters and sediments studied; and (b) finding, that the concentrations of some well known mutagenic/carcinogenic PAH; e.g., benzo-(a)pyrene (Table 2) , are above the standard limits determined internationally (e.g., by the European Union) and by national organizations (e.g., in Israel), our conclusion is that (1) there is a related potential ecotoxicological/health risk problem; and (2) the contemporary practice of reusing wastewater effluents of conventional AST-based WWTPs in agricultural irrigation is incompatible with sustainability.
